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G-R INSTRUMENTS 
ARE 

BUILT TO LAST 


New Two-Year Warranty 
Backs Up Well-Established Fact 

A full two-year warranty — the first 
ill the electronic instrument indiLstry — 
now applies to all (leneral Radio pro<i- 
ucts shipped after March I, 1957. This 
warranty is made possible by the in¬ 
gredients of hij^h (|uality that have al- 
^ ways characterized CIR e(|uipment — 
circuit de.sign that doesn’t cut corners 
and which provides the extra refine¬ 
ments that as.sure stable and reliable 
ix'rformance; the use of high-<|uality 
components, whi< h cost more but re¬ 
turn several times their cost in calibra¬ 
tion accuracy and stability; ru^gedness 
of mechanical construction, which as¬ 
sures long life; care in manufacture, 
through the use of skilled workmen and 
mcKlern machines; and thorough test¬ 
ing. to iH'tter-than-catalog specifica¬ 
tions. 



To the engineer using this e(|uipment, 
Ci-U (|uality means added assurance 
that his measuremmits are correct, be¬ 
cause he knows the G-R reputation for 
calibrations that hold their accuracy 
over the years. To the firm Imying G-R 
eiiuipment, high ciuality in basic meas¬ 
uring tools means lower costs in the 
long run: less time lost for repairs and 
longer life with fxdl performance liefore 
replai*ement is re(|uired. 

When you buy a G-R product you 
make an investment in lasting value. 
Our new warranty tag on all newly pur- 
cha.sed instruments shipped after March 
I, 1957, will serve as a reminder of this 
quality. 


THE G-R 2-YEAR WARRANTY 

We warrant that each new instrument sold by us is free from defects in material 
and workmanship and that properly used It will perform in full accordance with appli¬ 
cable specifications for a period of two years after original shipment. Any instrument 
or component that is found within the two-year period not to meet these standards 
after examination by our factory, district office, or authorized repair agency per¬ 
sonnel will be repaired or, at our option, replaced without charge, except for tubes 
or batteries that have given normal service. 
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NEW VARIAC® HANDLES OVER iy4 KVA 

Type W5L Gives More Watts Per Pound, More Watts Per Dollar 



For use in the “line-voltage connec¬ 
tion/* where the usual overvoltage fea¬ 
ture is not needed, the new Type WoL 
Variac ® offers outstanding performance 
and outstanding economy. 

•See Brprrimtffitfr for I>ecember. 195.*. 


Output voltage of the Type W5L is 
ecjual to input line voltage, that is, with 
115 volts input, the output can i)e ad¬ 
justed from 0 to 115 volts. Loads draw¬ 
ing up to 11 ampere.s at line voltage can 
hf* handled at any output setting, giving 
an output rating of 1.205 kva. 

This increased rating is made possible 
by the elimination of l)oth the overvolt¬ 
age feature and 5()-cycle operation, 
which permits the u.se of a larger wire 
size for the tran.sformcr winding. Size, 
weight, and mounting dimensions an; 
identical with thos<' of the Tyije W5.* 

P'or the many uses where output 
voltages higher than input line voltage 
are not required, the Type W5L is an 
outstanding buy. It offers more watts 
IX'r pound of weight and more watts per 
dollar than any other variable auto- 
transformer on the market t<Klay. 


SPECIFICATIONS 


input Voltao«t 115 volts, GO cycles; ciin lx* iimmI 
on lint's from 105 to 125 volts, tiO cyclfs. 

OwtDwf Voltag*: 0 to input luie voltagi*; ilinl 
(’ulihration, 0 to 115 volts, coitpcI at 115 volts 
input. 

Load Rating: 1.265 kva. 

Ratad Currant: 8.5 amperes; may be drawn at 
any output setting. 

Maximum Currant: 11.0 amfX'res; may l)e dniwn 


at or nmr ifiput line voltage. 

No-Load Lost at 60 cyciat: 12 watts 

Angia of Rotation: 825 degret'S 

No. of Turns on Winding: 2^15 

D-C Ratittonca of Winding: 0.026 olims at 2l)° C 

Driving Torquo: 10 to 20 ottnce-inches. 

Mounting: Without Case, for iMinel mounting. 
Nat Waight: 6^ poundn. 


7,/"’ 


I Code H'ord 

Pricr 

WSL 

VB2 

Vorioc ^ Aulofrontformar . I 

Raplocamant Brush .... I 

I roTUO 

$17.50 

0.75 

W5LBB 

Vorioc with Boll Baorings. | 

I c'oTcnnAi.i.Y 

24.50 


THE DESIGN OF IRON-CORED CHOKES 
CARRYING DIRECT CURRENT 


The optimum design of inductors 
with ferro-magnetic cores, having dc 
superposed on the a-c signal, has never 
l)een very satisfactorily systematized. 
Such chokes are used, for example, as 


filter choke.s in rectifier-type power sup¬ 
plies or as plate chokes in constant- 
current modulators. In the past, the 
usual procedure was for each user to 
make empirical measurements on sam- 
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pie coils, displaying the results as a fam- 
ily of curves of inductance versus d-c 
bias for a succession of difTerent air 
gaps. These nieasurenients were usually 
re|K»at(‘d for each difTerent lamination 
used. 'I'here was no facile method by 
which normalized data could be pre* 
scnted for a given grade of ferro-mag- 
netic material so that it could be simply 
used for as many dilTerent sizes and 
shap<\s of laminations as desired. 

'rhis situation was recognized in the 
early twenties by Mr. IT Hanna of 
the F^ist Pittsburgh works of Westing- 
house Klectricand Manufacturing Com¬ 
pany, and he prestujted a paper entitled 
Design of Heactances and Transform¬ 
ers Which Carry Direct C'urrent*’ at 
the Winter Convention of the AIKK in 
New York City in February of 1927.* 
This paper provided tfie methods for 
deriving and presenting succinctly nor- 
^^malized data of the tyiK* l)cing con¬ 
sidered here. Some llaiina-type curves 
are publishc^d in Federal 'rel(‘phone and 
Radio's lirfurenre Data for Kngimers^ 
but this is the exception rather than the 
rule. Hanna's contribution has never 
received the wide usage to which its 
advantages entitle it. 

For complete understanding of the 
matter, reference should be made to 
Hanna’s paper. However, it can Im' 

• S«r JmumtU of the AIEK. Ki*bru*ry. IW27 


8tatc*d that Hanna’s information en¬ 
ables one to calculate (piickly the airgap 
which will yield the inaximuin induc¬ 
tance for a given nuini)er of turns on 
a given magnetic structure with a stated 
amount of sui)erpos<*d dc at a particular 
flux density. It may thus l>e stHui tliat 
the curves are u.s<»ful only to give the 
optimum design for a specific steady- 
state purpo.se. 'rii(‘y do not contain the 
information needed, for instance, to de¬ 
sign a ‘‘swinging” choke in which the 
inductance at 10 |kt mit of full-rat<Ml 
direct current is typically about five 
times what it is at full-rated din»ct cur¬ 
rent. For this purp(».s<' one would use a 
family of curves as de.scribed in the 
first paragraph. 

Hanna's information (r/ Figure 3 and 
Figure 0 of his paper, reproduc(‘d here 
as Figuix* I) is pre.sented as a single 
curve (for each flux density) of store<l 
direct-current energy |>er unit volume 


1 • • r 

v-p-) versus d-c magnetizing force 
(^). Hanna indicated that airgap |K‘r 


unit length for optimum i)erformance 
by labeled “transverse marks” on the 
curve. While this conveys the informa¬ 
tion faithfully, we find that we can read 
and interpolate with appreciably more 
ease if a separate curve is provided for 


Figure 1. Curvet of 11^ vt. Nl from Honno’t paper.* f/ef#) 4% tilicon tieel; (right) Hypernik. 


V I 
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air^ap |M*r unit Ifuigtii (y vorHUs <!-<• 


luagiuMizing force (“)• 

Behavior of any shape and size of 
core, willi some liinitations, can Im' de- 
riv(*<l from sueh data by the use of nolh* 
ing im»re than the pro|M’r constants iM*r- 
taining to the core. These eonstaiits an* 
tlie volume of iron and the length of the 
magnetic path. The latter is neci‘ssary 
lo determine the value of the ab.seissii 


IL 

I ‘ 


'file fornuT is necessary when inter- 


A/' 

preting the* value ot the ordinate 


\Ve have found it advantageous to 
amplify the information given in the 
single curve on Figure* 3 (»f Hanna's 
pa|M*r. While he s|M‘eiHed in I!t27 that 
his Figure* applie>el to 4 pe*r cent silie’em 
ste*el, this is ne>t now very s|M»eirn* since* 
a numlN‘r of the lK‘tte*r gra<le*s e>f e*le*(‘tri- 
e‘al silicon ste*els contain aroiiml I pe*r 
e*e‘nt of silie*on. and so we* are* not stire 
whe*the*r it applie*s to the graele* of sili(*e)n 
ste*el e)fte'n e*mple»ye*d for e*hoke‘s. Fur- 
the*r. we* elo not kne»w the* flux ele*nsity. 
H. at whi<*h Hanna s curve*s were taken. 
Kven if we* diel, it wemlel U* ne*e*e*.ssary 
tee have similar curve»s at .se*veral flux 
ele*nsitie*s to take e*are of all ele*.sign pre»b- 
le*ms e*ne*ountere*il. 

'riiis e*e>nie*K about fremi the* fact that 
the* |M*rme*ability is highly ele*iH*nde‘nt 
upeen the alternating flux de*nsity. With 
im ele* pre*se*nt. the* permeability lolleews 
the* familiar e*e)urs(*. It .starts ein a pla- 
te*au at ve*ry low Hux el(*nsities at a value* 
seunewhere lM*twee*n KM) and ’MM) ^ ri.*<e*s 
with flux ele*nsity te» }H*rhaps IMMM), and 
tlien falls e»fT te» very le)w values as 
saturatiem e)e*curs. With ele- pre*.se*nt. the* 
lH*havie)r is similar. exe*e*pt that the* 
plaleaei isdifTerent anel the |M*rm(*ability 


lM*gins tej dre)p eiff .seMiner. lM*e*aus<* e)f the* 
el-e* {silarizing flux. The* greate*r the elc,^ 
the .s(Mme*r the* falling eifT e>e*e*urs. 


THE ATTACHED CHARTS 


'Fhe* large curves herewith repre*.se*nt. 
re*s|M*ctively, the e*mpirically e>btaine*el 


ple)ts ejf -p- anel y against 


/ ■ 


The* 


me*asurements we*re maele* u.sing e*oils 
having ce)n*s of F. S. S. Baeliei Trans- 
feirme*r “72” graele* silie-on .ste*el, Nei. 2t> 
1‘. S. gauge (appre>ximately 0.010"). 
whie*h is an AISI M-IO graele nmte*rial. 
()ve*r the past te*n ye*ars the*.se» e-urv(*s 
have be‘e*n u.se*el with geMul iv.sults fe»r 
e*e)ils having 20-gauge laminations e)f 
AISI M-10 material eif othe*r manufac- 
ture*rs also, anel 20-gauge* (0.014") .MSI 
M-IT) toS graele*) mate*rial. 

In the* e*xpre.ssie»ns use*<l threaigheuit: 

.4 = efTee*tive e*re>.ss-.s4»e*tie)nal are*a e»f 
e*e>re in srpiare in<*he*s. 

li = max. a-c flux de*n.sity in lities 
in.’. 

A’ = upplie*d a-e* ve>ltage in veilts, rms. 

/ = dir(*e*t curn*nt in ampe*res. 

L = inelue*tane-e* in he*nrys. 

A’ = numlK*r eif turns. 

F = ge*e)me*trie* veehime* e»f irem in 
cubic ine*he*s ( ne» re*elue*tie)n fe>r .stae*king 
fae-teir).* 

/ = fn*e|ue*ne*y in cps. 

g = le*ngth e»f airgap. eu* airgaps. in 
inehe*s. (Hanna e*alls this a). 

I = length e)f magne*tii‘ path in inche*s. 
Fe)r preparing beith of the.se e*urve* 
she*e*ts. Hanna-type* elata was taken at 
00 e*ycle*s with flux de*nsitie*.s, H, e»f 


• F«ir m matcruil whirli m vnriunvly ktiitwn Karlio Tr*i»- 
fornipr “T'.?'’nmdcikf .\IS| M-n*: Kixlio aiKtiifipA a puorb- 
ahlp cradp rather tiuin utM* tiuit liitme Im* •Inaml. 


*Thi» nifaii* tiuit n •tarkina fttrUir of around leA |trr rrni 
ft>r iHKiinterU'avrd tanunatM»tui i* implicit lU the curves ft*r 
imiurtanre. Starkin^ factor ■houUI have no effect on air^^ 
aap cur%'e». If laminathinji much thinner or much thicker' 
are tiaed. ao that tlie stacking fachir will he lesa than oi 
■lixhtly areater tlian IMl |M'r cent, then appropriate cor¬ 
rection ahould he made to the inductance curve* in direct 
t>rotMirtion to the •lackiniz factor. 



lET LABS, INC in the GenRad tradition ^ 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800 ) 899-8438 • fax: (516) 334-5988 



7 


MARCH, 1957 


KM), :>()(). 1(MM). :>(MK). 10.(MM). 20,(MM).aiKl 
30.(MX) lines in.*. 


'Phe eiirvos show tin* wiii(‘ spreatl 


of iiulurtaiK'i* values as a fiinetion of H. 
The spread would Ik* still wider if data 
had lieeii taken for initial a-c permea¬ 
bility. It will Ik* noted, in general, that 
tlie curves for luKher li lie alnive thos<* 
for lower /i. For a large part of the dis¬ 
tance, tin* 10- and 20-kilc»line curves 
(*oincide. The 30-kiloline curve lies 
above these two near the origin, but 
simrtly g(K*s Ik'Iow them and continues 
to cross other curves of still lower H'h. 

'ria* upward-iiH’lined lines crossing 
the others connect points having the 


same y ratios. 'Phese lines are practically 
straight until saturation sets in. They 


show that, in general, a given y ratio is 


optimum even when the d-c |K)lari7/mg 
(lux is in<‘n*ased, provided that the a-c 
su|K*r|M>s(*tl (lux is als4i increasc*<I. 

'Pin* sec<»nd set of curvc*s (page 
shows the optimum airgap (in terms 


of whi<*h is s|K*ci(ic) as a function 


of the magnetizing force (in terms of 
A7 

-y-). 'Phes<* curv(‘s are derived from 


thos<* on the prior she<*t through the 
original data. 'Ph**y are supplied in this 
different form, rather than the way this 
information app<*arson Hanna’s curves, 
for two reasons. First, a gn*at deal of 
confusion is eliminated. Second, the.sc* 
curves are much easier to interpolate 


for y than are Hanna’s. 'Phe same effects 


descrilK‘d c*om*erning relative |K*rmea- 



<- e -► 

a 


0^2 / 



.£4 

2 

t ; 

1 ; 

^0 

T 

A 


/I 


U 


/ 4 




0 

0 




0 

t 


JL 


-J. i 

i 




Figure 2. Dimvnsiont of ttondord Oonorol 
Rodio laminations usod at oxamploi in 
this articlo. 


bilities and the effects on optimum air- 
gap of higher /Ts and of .saturation can 
Ik* .seen also on the.se curves. 

Dimensions of the seven .standard (Ht 
lamination .structures are .shown in Fig¬ 
ure 2. They an* convenient f*xamples for 
u.se here ItecaiKse they constitute a s<*rie.s 
which is roughly geometric, the voluim* 
changing in .steps which are roughly 2 
to I, as may Ik* s(*en in Tabh* I, (Nil- 
umn 2. 

It .should Ik* obvious that all that 
needs to Ik* done to apply this data to 
any other lamination is to establish 
dimen.sions for the .structure analogous 
to th(».se of Figure 2. deiluce from them 
parameters analogous t<i tho.sc* of 1'able 
I, and procecnl. This procedure* was fol¬ 
lowed in the calculation of a imKlulation 
<*hoke. for which the con* weiglM*d al¬ 
most UK) pounds, with c*omplete success 
on the (irst trial. 
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HOW TO USE CHARTS 


Suppose you wish an iron-cored coil to 
give at least a certain indu(‘tance with 
an a-c signal of given voltage and fre- 
(luency applied, with a given polarizing 
dc prestMit, and having a d-c n*sistance 
not more than a certain value. You may 
also have some idea which lamination 
structtire you would like to use. 


First, calculate and find where 


this value lands on the curve for a H 
wliich is al>out what you guess the a-c 
flu.x will Ik*. N’alues of V, /, and A for 
the laminations are given in Table I. 


T.VltLK 1 


(*orr 

V (tViJ) 

74b 

().t)7 

7ir> 

1.4b 

34 :) 

2.71 

4X5 

5.41) 

lib.') 

11.4 

bXo 

IS.f) 

obf) 

21). 1 


Kin.) 

A (in.») 

2.t)l) 

0.238 

:4.75 

0.375 

4.SI 

0.540 

b.3S 

0.844 

8.H) 

1.35 

t).b3 

1.81 

II.Of) 

2.53 


If the 


LIl 

I' 


X 10^ comes near the top 


of the plot, that is, above 7(Kl, the iron 
is lieing worked very hard, the d-c re¬ 
sistance of tiu* coil is likely to lx* high, 
and a larger core may need to lie us(‘d. 
If. on the other hand, it comes near the 
bottom, say I Of) or Im»1ow, the oppo.sites 
are true; that is, the iron is under- 
w(»rked, the d-c resistance will be (|uite 
low. and a smallc‘r core could |>erfectly 
well lx* used. 

Once you have s<?ttled on the core 
you wish to u.sl*. enter the first chart at 


the proper value of -p- X 10^ ini the 


chos4*n H curve, thus determining 


.V/ 

I ‘ 


Since both I and / are known, .V i.s de¬ 
termined. The tables for the structure 
cho.sen will then indicate the largest 
wire size that can lx* used, and the d-c 
resistance. 

I’niess the d-c resistance is above 
what can be tolerated, the design is all 
right. If the d-c resistance is too high, 
try a larger core. 

Next check the actual value of li to 
be expected, using the formula A’ = 


404 liAXf 
10 ^ ’ 


in which .4 is the area of 


the center-leg cross .section in square 
inches multiplied by a stacking factor 
of ().t)b, the values of which (.4) can lx* 
found in the table. If your first-guess H 
was not too good, go over any steps in 
tlie computation that would be affected 
by having u.sed the wrong li curve. 

If you are now satisfied with tIu? 
lamination sizi% number of turns, and 
il-c resistance, u.st* the second chart to 
deti*rmine th(* airgaps. Knter the chart 

at the appropriate -, go to the pro|x*r 


li curve, and read value of y, from which 


g is found immediately by multiplying 
by / from tIu* table. This ga)) is the .sum 
of the gaps in tiu* center and in an out- 
.siile leg. Divide by two to get the thick- 
ne.ss of nonconducting shim to be put 
into each of the thrc'c airgaps in a <’oil. 

If a single airgap in the c<*nter leg is 
u.sed, the outer legs being interleaved, 
the optimum airgap should lx* about 1.5 
mils larger (see “Those Iron-Cored 
('oils .VgaiiT’, Part II, (icncrnl Radio 
RxpfrinunRr, January 1047) than \hv g 
given by the curve.*^ 


* A rentcr-Icjc airgap not poaaible in tin* 74.i or .’MVi pon-* 
(whirti arc KI-aliaiM'd). Likowiac. all F.I's and manv otluT 
lamination shapes are mit adaptable to a renter-feit itac ' 
l>ecauBe of their Koumetries. The other OH standard lami¬ 
nations are cither F's. or double K’s with slaripni shear 
line, and lenii themselves to center-leg gaps. 
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In this case, however, the inductance 
^ is likely to be reduced by something like 
20 % from the values indicated by the 
curves on the first chart. This seems to 
l)e the pt»nalty paid for the extra stabil¬ 
ity and freedom from external field of 
the center-leg airgap design. 

The extra stability results from the? 
mutual friction of the interleaved out¬ 
side legs of the laminations. This is 
sufficiently great that some laminations 
can lx* removed from one side only of 
the coil in order to adjust the induc¬ 
tance to a desired value without having 
to clamp or bind into place those n‘- 
maining. Freedom from external field is 
a matter of geometry, with the airgap 
only in the center leg of the coil and 
with the outside legs providing some 
magnetic .shielding to outside space. 

There is another advantage to using 
a (*<Miter-leg gap for a re<*tifier-filter 
^ choke which is encased in a magnetic 
can. A very bothersome problem was 
solved by this fairly simple expedient 
of sub.stituting one center-leg airgap for 
three gaps, one in each leg. It was found 
that this choke, at the input of a choke- 
fed rectifier filter and having, con.scj- 
quently, a high a-c ripple component 
acrass it, was aurally very noisy in the 
1 32"-thick cold-rolled steel case in 
which it was mounted. The noi.sc‘ was 
found to emanate from the vibrating 
sides of the ca.se, which are clo.se to the 
lamination structure adjacent the ends 
of the center leg. All other curative ex- 
p<*(lients failed, such as light wedging, 
resilient padding, or high-temfx'rature 
treatment to How the potting compound 
into the lamination structure. With 
three airgaps the a-** magnetizing force 
r(H|uiretl at the gaps in the outer legs, 
addinl to that re<iuired for the iron in 
^ the r-|X)rtion from one end of the cen¬ 
ter leg out and around to the other, 
<*onslitutes the majority of the total. 


With a single center-leg airgap, this 
magnetizing force at the ends of the 
center leg is markedly ri'duciHl (say, 
around 3 to 1 in a typical instam*e). Its 
attractive force for the magnetic sides 
of the case* is reduced by the s(|uare of 
this figure (or almost 1(1 to 1). 


EXAMPLE OF A DESIGN CALCULATION 


\jeX us take an example. The input 
choke of a particular rectifier filter had 
some such reijuirements as these: 

L = I") henrys 
I = 140 ma 
R = 2(X) ohms 
core desired — 48.') 

First caI(‘ulation is for stored energy. 


V in* - ^ ^ 


533 


Fsing the curve for R = KKK), this gives 
a — = 9<.o. rrom this: 


A' = 


97.5 X (V3S 
0.14 


4440 


Referring to tables of turns for thi.s 
lamination, this i.s a full core of Xo. 29 
enamel wire. I)-C’ resistance is 180 
ohms. 

So far. ever>’thing is all right in ac¬ 
cordance with the specifications. Now 
check actual /f-Max., a.ssuming a ‘200- 
volt .signal of 120-cycle fre(|uency from 
the full-wave rectifier. 

4.44/< X O.S44 X 4440 X 120 

2»K) - -fjj;- 

T'rom this B = 10,(MM). 

'fhe gue.ss of I (MM) for B wa.s not gotnl. 
If the curve for B = 10,(MM) is u.sc*d. 525 


for stored energ.v corresponds to — = 


IM). For this value A’ = IKM) turns and 
= 100 ohms. 

SI 

Fsing — of IM) and the B = 10,(MM) 
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curve on C’hart 2, ^ = 0.00405. This 

means that ^ = 29 mils. Each gap 
should be half of this, or 14.5 mils. A 
figure of 15 will be near enough. 

The specifications for the coil, there¬ 
fore, will lx» these: 

4 UK) turns of No. 29 enameled wire 
wound on a 485 core with three gaps of 
15 mils each. 

.Vctually, in this instance, it was 
necessary, to prevent noisy steel cans 


as a result of the external field of the 
coils, to make this input choke with a ^ 
single center-leg airgap. To get the data 
for this coil, an inductance 20 to 25% 
larger must be used in the calculations 
and 1.5 mils added to the g given by 
the curves. 

— ^. K. McElkoy 

ThiK methcxl and data for coil desifni have 
l)ei*n in u.‘*e at Clcncnil Kjidio for wvcral years. 

The author i.s indebted to Janien K. C'lapp. 
Charles E. Rice, and the late Hammond IT 
Hollis for the original measurements on which 
the chiirts are ba.*<ed. 


SHOW BUSINESS 

RADIO ENGINEERING SHOW 

N«w York Colisoum March 18-21, 1957 

General Radio C’ompany e.xhibits See the Eipt^rimvnUr for February for 
are in Booths 3302-3300 and 2319. complete details. 


Tho Conrad Hilton 

.\gain this year, at the convention of 
the National .\ssociation of Radio and 
Television Broadcasters, ( Jeneral Radio 
will be in Booth Xo. 1 with a display of 
station monitors (including the new T\' 
monitor), modulation and distortion 
meters, line-voltage control devices, in- 

William R. Thurston 


April 7-11, 1957 ^ 

struments for the measurement of an¬ 
tennas and lines, harmonic measuring 
eiiuipment, .sound-level meters, and 
other items of interest to broadcast 
engineers. 

These engineers will Ih^ on hand to 
discu.ss your measurement pmblems. 

Joseph E. Belcher 


1957 NARTB CONVENTION 

Chicago 


Charles .\. C’ady 


SOUTHWESTERN IRE CONFERENCE AND ELECTRONIC SHOW 

Th« Shamrock Hilfon Houston April 11-13, 1957 

At the Ninth .\nnual Southwestern Conference, General Radio products 
IRE C’onference, with which is com- will lx* shown in Itooth Nos. <»3, fi4, and 
billed the Second .Vnnual Simulation (>5. Engineers in attendance will lx*: 

John C. Gray Frank J. Thoma William M. Hide 



General Radio Company 
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